Following acute injury, leukocytes rapidly infiltrate into tissues. For efficient recruitment, 15 leukocytes must sense and respond to signals from both from the damaged tissue and from one 16 another. However, the cell type specific transcriptional changes that influence leukocyte 17 recruitment and wound healing have not been well characterized. In this study, we performed a 18 large-scale translating ribosome affinity purification (TRAP) and RNA sequencing screen in 19 larval zebrafish to identify genes differentially expressed by neutrophils, macrophages, and 20 epithelial cells in the context of wounding. We identified the complement pathway and c3a.1, 21 homologous to the C3A component of human complement, as significantly increased in 22 neutrophils in response to a wound. We report that c3a.1 -/zebrafish larvae have impaired 23 neutrophil responses to both tail wounds and localized bacterial infections, as well as increased 24 susceptibility to infection due to a neutrophil-intrinsic function of C3A. We further show that C3A 25 enhances migration of human primary neutrophils to IL-8 and that c3a.1 -/larvae have impaired 26 neutrophil migration in vivo, and a decrease in neutrophil directed migration speed early after 27 wounding. Together, our findings suggest a role for C3A in mediating efficient neutrophil 28 migration to damaged tissues and support the power of TRAP to identify cell-specific changes in 29 gene expression associated with wound-associated inflammation.
Introduction together, as previously described (48) . Primer sequences used in this study can be found in 152 Supplemental Table 2 . 153
Tail transection 154
C3a.1 +/adults were in-crossed. 3 dpf larvae were wounded by tail transection using a no. 10 155
Feather surgical blade. To visualize neutrophils in the wound microenvironment, the larvae 156 were fixed at 2 hpw or 8 hpw in 4% paraformaldehyde in 1X PBS overnight at 4°C. Sudan 157 Black B staining was performed as described previously (50). Fixed larvae were imaged using 158 a zoomscope (EMS3/SyCoP3; Zeiss; Plan-NeoFluar Z objective) and then genotyped as above. 159
For macrophage quantification, c3a.1 +/adults carrying a mpeg1:GFP transgene (13) were in-160 crossed. At 3 dpf, larvae were pre-screened for fluorescence on a zoomscope. Tail wounding 161 was then performed as described above and the larvae were fixed in 1.5% formaldehyde 162 overnight at 4°C. Fixed larvae were imaged using a zoomscope and genotyped as above. All 163 image analysis was performed using Zen 2012 (blue edition, Carl Zeiss), blinded to genotype. 164
Pseudomonas infections 165
3 dpf c3a.1 +/+ or -/larvae on a WT AB or Tg(mpx:mcherry-2A-rac2 D57N ) background (51) were 166 infected with P. aeruginosa PAK (pMF230, expresses GFP) as previously described (52, 53) . 167 PAK (pMF230) was a gift of Dara Frank (Medical College of Wisconsin). A single colony was 168 inoculated overnight in LB. In the morning, the culture was diluted 1:5 and grown for an 169 additional 1.25 hours. The OD was measured (600nm). The final inoculum was prepared by 170 pelleting the bacterial suspension by centrifugation and resuspending the bacteria to achieve 171 the desired bacterial density in 1X PBS containing 10% glycerol and 2% PVP-40 (to prevent 172 needle clogging). Phenol red dye was added at a final concentration of 0.5% to visualize 173 success of the injection. To monitor CFUs, the injection product was plated on LB and infected larvae were placed into individual wells of a 96 well plate and survival was monitored 176 daily for 5 dpi. For neutrophil recruitment experiments, larvae were fixed at 1 hpi or 6 hpi in 4% 177 paraformaldehyde in 1X PBS overnight at 4°C. Sudan Black B staining was performed as 178 described previously (50), and injection success was further confirmed by visualization of GFP-179 positive bacteria in the otic vesicle on a spinning disk confocal microscope (CSU-X, Yokogawa) 180 as described below, without mounting in agarose. Imaging of the otic vesicle region for 181 neutrophil enumeration was performed using a zoomscope (EMS3/SyCoP3; Zeiss; Plan-182 NeoFluar Z objective). Image analysis was performed using Zen 2012 (blue edition, Carl Zeiss). 183
Photoconversion 184
Adult c3a.1 +/zebrafish carrying an mpx:Dendra2 transgene (54) were in-crossed and embryos 185 collected and incubated to 3 dpf. Larvae were prescreened for fluorescence using a 186 zoomscope (EMS3/SyCoP3; Zeiss; Plan-NeoFluar Z objective) and mounted in ZWEDGI 187 devices as previously described (55). An imaging sequence was performed for each larva 188 comprising an initial series of 2 overlapping Z-stacks of the region of the caudal hematopoietic 189 tissue (CHT) and photoconversion of the neutrophils within the CHT. This was followed by a 190 second series of 2 overlapping Z-stacks to confirm that photoconversion occurred. 191
Photoconversion was performed using a laser scanning confocal microscope (FluoView 192 FV1000; Olympus) with numerical aperature (NA) 0.75/20X objective. The following stimulation 193 settings were used: 40% 405 nm laser transmissivity, 10 µs/pixel dwell time, and 45 second 194 total stimulation time. Larvae were removed from the ZWEDGI devices following 195 photoconversion and subjected to wounding by tail transection as above. Larvae were 196 subsequently imaged live at 3 hpw using a spinning disk confocal microscope as described 197 below and then genotyped as above. Image analysis was performed using Zen 2012 (blue 198 edition, Carl Zeiss), blinded to genotype. 3 dpf c3a.1 +/+ or -/larvae carrying a mpx:mcherry transgene (56) were pre-screened for 201 fluorescence on a zoomscope (EMS3/SyCoP3; Zeiss; Plan-NeoFluar Z objective). For imaging 202 over 1-3 hours, larvae were mounted in ZWEDGI devices as previously described (55) and 203 retained in place using 2% low melting point agarose applied to the head. Images were 204 acquired every 3 minutes using a spinning disk confocal microscope (CSU-X, Yokogawa, NA 205 0.3/10X EC Plan-NeoFluar objective) with a confocal scanhead on a Zeiss Observer Z.1 206 inverted microscope equipped with a Photometrics Evolve EMCCD camera. Each image 207 comprised a 50 µm z-stack, with 11 slices taken at 5 µm intervals. Images were analyzed and 208 maximum intensity projections were made using Zen 2012 (blue edition) software (Carl Zeiss). 209
To track cell motility, time series were analyzed in Imaris (Bitplane) and neutrophil mean track 210 speed, track displacement, and track straightness, as well as instantaneous velocity for each 211 neutrophil at each point in the time series, were calculated using the "spots" tool as previously 212 described (57). To count total neutrophils and quantify neutrophil distribution in 213 photoconversion experiments, 12 overlapping images were acquired to capture the full length 214 and width of each larva and image analysis and neutrophil counts were performed using the 215
Chemotaxis was assessed using a microfluidic device as described previously (58). In brief, 225 polydimethylsiloxane devices were plasma treated and adhered to glass coverslips. Devices 226 were coated with 10 μg/mL fibrinogen (Sigma) in PBS for 30 min at 37°C, 5% CO2. The devices 227
were blocked with 2% BSA-PBS for 30 min at 37°C, 5% CO2, to block non-specific binding, and 228 then washed twice with mHBSS. Cells were stained with calcein AM (Molecular Probes) in PBS 229 for 10 min at room temperature followed by resuspension in modified Hank's balanced salt 230 solution (mHBSS). Cells were seeded at 5 × 10 6 /mL to allow adherence for 30 min before 231 addition of chemoattractant. Either 3μM Complement Component C3a (R&D Systems #3677-232 C3-025) or 3μM Complement Component C5a (R&D Systems #2037-C5-025/CF) or 1 μM IL-8 233 (R&D Systems # 208-IL-10/CF) was loaded onto the devices. For pretreated samples, cells 234
were incubated in 3μM C3a or blank mHBSS for 30min before seeding device. Cells were 235 imaged for 45 min every 30 s on a Nikon Eclipse TE300 inverted fluorescent microscope with a 236 10× objective and an automated stage using MetaMorph software (Molecular Devices). 237
Automated cell tracking analysis was done using JEX software (59) to calculate chemotactic 238 index and velocity. 239
Statistical analyses 240
For neutrophil quantification and migration analyses, 3-4 independent replicate experiments 241 were performed. Replicate numbers are noted in the figure legends. Experimental conditions 242
were compared using analysis of variance. The results were summarized and plotted in terms 243 of least squares adjusted means and standard errors. including leukocytes and epithelial cells, is essential to allow cells of the innate immune system 258 to effectively navigate complex interstitial tissues to reach the wound microenvironment (60). 259
However, the relative transcriptional contributions of each cell type are incompletely understood. 260
To identify cell-specific signals that are differentially expressed in different cell types in response 261 to wounding, we performed a large-scale translating protein affinity purification and RNA 262 sequencing (TRAP-RNAseq) screen ( Fig. 1A) . Briefly, 3 dpf transgenic zebrafish larvae 263 expressing an EGFP-tagged copy of the ribosomal subunit L10a specifically in neutrophils, 264 macrophages, or epithelium were subjected to multiple fin tissue wounds. 3 hours later, larval 265 tissue was homogenized and ribosomes were isolated with α-GFP immunoprecipitation. RNA 266 was then extracted. Illumina sequencing confirmed expression of a priori-selected, known cell-267 type-specific genes across all analyzed samples, validating our method ( Fig. 1B) . We then 268 focused our analysis solely on zebrafish genes that have identified human homologs. From 269 these genes, 299 were identified to be at least 2-fold changed (upregulated or downregulated) 270 in neutrophils, 301 in macrophages, and 717 in epithelial cells. In neutrophils, we were 271 surprised to find that only a single gene was statistically significantly upregulated in response to 272 wounding: c3a.1 (Fig. 1D) . Although other changes in gene expression did not reach statistical 273 significance, which is likely due to high variability among samples and small numbers of replicates performed, we expect that 2-fold differential expression is potentially biologically 275 relevant. It is interesting to note that relatively few genes were more than 2-fold differentially 276 expressed in more than one cell type ( Fig. 1C and Supplemental Table 3) . wounded fish, compared with unwounded controls ( Fig. 2A) . Although only c3a.1 showed a 283 statistically significant increase in mRNA expression in neutrophils following wounding, other 284 complement pathway components, including c5 and c9, also showed trends toward increased 285 expression in neutrophils ( Fig. 2B) . Non-significant increases in c3a.1, c5 and c9 expression 286 were also evident in macrophages. Further, complement factor B (cfb) was one of only 3 287 genes that were differentially expressed in all 3 cell types (Fig. 1C) . Taken together, these data 288 suggest an important role for the complement pathway in general, and c3a.1 in particular, in 289 orchestrating innate immune responses in the context of wounding. 290
Validation of c3a.1-deficient zebrafish lines.
In order to investigate the role of c3a.1 in 291 leukocyte responses in the context of wounding, we obtained zebrafish expressing an A to T 292 nonsense mutation in exon 22 of 41 of the c3a.1 sequence, producing a premature stop codon 293 (sa31241, Sanger) (61) (Fig. 3A) . This premature stop codon occurs prior to the predicted 294 thioester bond and α2 macroglobulin-complement domains of the C3A protein that characterize 295 an anaphylatoxin (62). qPCR of cDNA from pooled 3 dpf c3a.1 -/larvae confirmed loss of c3a.1 296 mRNA, compared with c3a.1 +/+ controls, and showed no significant compensatory upregulation 297 of the other c3a orthologues expressed at this stage of larval development (Fig. 3B) . 298
Amplification of c3a.2-3, c3a.4, and c3a.5 by RT-qPCR was not observed; this is in agreement with existing reports that these orthologues are not expressed in 3 dpf larvae (48). Expression 300 of other major complement pathway genes based on qPCR of cDNA from pooled 3 dpf c3a.1 -/-301 larvae was similar to that of c3a.1 +/+ controls: although a modest, non-significant decrease in 302 c3b.1 mRNA was noted, c3b.2 mRNA was unchanged and a significant, potentially 303 compensatory, increase in c5a mRNA was observed ( Fig. 3B) . c3a.1 -/larvae hatched in normal 304
Mendelian ratios from c3a.1 +/in-crosses; however, the tail length of c3a.1 -/larvae was 305 significantly shorter than c3a.1 +/+ clutch-mates at 4 dpf ( Fig. S1 ). Heterozygotes were 306 indistinguishable from their wild-type clutch-mates (data not shown). 307
Global depletion of c3a.1 decreases neutrophil recruitment to wounds. Because c3a.1 308 expression is significantly increased in neutrophils in response to wounding, we first 309 investigated the neutrophil response to wounding in c3a.1 -/larvae. Compared with c3a.1 +/+ 310 controls, c3a.1 -/larvae had significantly decreased numbers of neutrophils in the wound 311 microenvironment at 2 hpw ( Fig. 3C-D) . However, by 8 hpw, neutrophil numbers at the wound 312 did not differ between c3a.1 -/and c3a.1 +/+ larvae ( Fig. 3C-D) , suggesting that the neutrophil 313 recruitment phenotype induced by c3a.1 depletion is confined to the early post-wounding period. 314
Changes in neutrophil numbers at the wound are due to a specific change in the recruitment 315 response, as whole-larvae total neutrophil numbers did not differ between c3a.1 -/larvae and 316 c3a.1 +/+ fish (Fig. 3E) . These findings are in line with a neutrophil recruitment phenotype 317 reported by Forn-Cuni, et al., in response to c3a.1 knockdown using antisense morpholino (48). 318
Macrophage recruitment to tail transection wounds did not differ between c3a.1 -/and c3a.1 +/+ 319 larvae ( Fig. S2 ). In addition, c3a.1 -/larvae displayed significantly decreased regenerate fin 320 length at 24, 48, and 72 hours post-wounding, compared with c3a.1 +/+ clutchmates ( Fig. S3) . 321
Taken together, these findings suggest that C3A modulates neutrophil wound responses and 322 wound healing in zebrafish larvae.
Global depletion of c3a.1 decreases neutrophil recruitment to, and survival of, localized 324
bacterial infection. The complement system plays an essential role in pathogen recognition 325 and clearance, and patients with deficiencies in the classical complement pathway are 326 susceptible to pyogenic infections (63). Thus, we next measured the ability of neutrophils in 327 c3a.1-deficient larvae to migrate to localized bacterial infections. Using an established model of 328
localized Pseudomonas aeruginosa infection of the otic vesicle (64), we found that c3a.1 -/-329 larvae had fewer neutrophils at the site of the infection at both 1 hour post-infection (hpi) and 6 330 hpi, compared with c3a.1 +/+ controls ( Fig. 4 A-B) . Neutrophils are believed to be the main cell 331 type responsible for resistance to Pseudomonas infections (65). Consistent with the defect in 332 neutrophil recruitment we observed, we found that c3a.1 -/larvae had increased susceptibility to 333
Pseudomonas infection, with ~50% of infected larvae dying by only 1 dpi. In contrast, >95% of 334 c3a.1 +/+ larvae survived to 5 dpi (hazard ratio: c3a.1 -/vs. c3a.1 +/+ = 11.091) ( Fig. 4C) . and are thus rendered migration-deficient. As we have previously reported (51), c3a.1 +/+ larvae 343 with neutrophils expressing rac2 D57N have increased susceptibility to Pseudomonas infection, 344
with ~50% mortality at 1 dpi. In comparison, we noted no significant change in susceptibility in 345 c3a.1 -/larvae with neutrophils expressing rac2 D57N , compared with c3a.1-intact rac2 D57N larvae 346 (HR c3a.1 -/-rac2 D57N vs. c3a.1 +/+ rac2 D57N = 1.236) ( Fig. 4D) . Therefore, the increase in 347 susceptibility to Pseudomonas infection we observed in c3a.1 -/larvae expressing wild-type rac2 is predominantly due to a neutrophil-intrinsic function of c3a, possibly due to the reduction in 349 numbers of neutrophils found at the infection site. 350
Depletion of c3a.1 does not alter neutrophil egress from hematopoietic tissues following 351 wounding. We next asked how C3A controls neutrophil mobilization from hematopoietic tissue. 352
In response to inflammatory signals, zebrafish neutrophils may be released directly from 353 hematopoietic tissues or recruited from a population of neutrophils already patrolling in 354 peripheral tissues (67). C3a has been shown in mice to help to retain immature neutrophils in 355 hematopoietic tissues (68, 69). C3 and C3A receptor-deficient mice subsequently have faster 356 and more pronounced neutrophil egress from bone marrow in response to inflammatory stimuli 357 (70). Although this finding is opposite to the decreased neutrophil numbers that we observe at a 358 wound in larval zebrafish (Fig. 1C-D) , we still wanted to determine whether decreased 359 neutrophil numbers at inflammatory sites in c3a.1 -/larvae were due to a difference in neutrophil 360 recruitment from hematopoietic tissue. At 3 dpf, the primary organ of hematopoiesis in the 361 larval zebrafish is the caudal hematopoietic tissue (CHT), in which hematopoiesis resembles 362 that within the mammalian fetal liver (71). We crossed the c3a.1-deficient line to the 363 Tg(mpx:dendra2) line, in which neutrophils are labeled with the photoconvertible fluorophore 364
Dendra2, enabling fate tracking of neutrophils originating from the CHT over time (54) . We 365 photoconverted neutrophils in the CHT and then subjected the larvae to tail transection. We 366 subsequently counted both the photoconverted neutrophils remaining in the CHT and those 367 mobilized to the periphery at 3 hpw ( Fig. S4A) . Neither the number of neutrophils retained in 368 the CHT nor the number mobilized neutrophils differed between c3a.1 +/+ and c3a.1 -/larvae ( Fig. C3A is not a direct chemoattractant for human primary neutrophils in vitro, but may 373 sensitize neutrophils to respond to other chemoattractants. C5A has been well-374 characterized as a potent neutrophil chemoattractant (72). C3A and C5A are highly structurally 375 similar and share a 36% amino acid identity (73); however, the effects of C3A on neutrophil 376 polarization and migration are less well understood. Numerous authors have reported that C3A 377 does not serve as a neutrophil chemoattractant in vitro (72, 74, 75). Using in vitro microfluidic 378 systems, we first confirmed that primary human neutrophils show strong directional migration 379 toward an established gradient of C5A, but do not migrate toward an established gradient of 380 C3A (Fig. 5A-B and Movie 1) . 381 C3A has, however, been implicated in enhancing the homing responses of both hematopoietic 382 progenitor cells and B cells to CXCL-12 (SDF-1) (69). Further, neutrophils display polarization 383 responses to C3A in co-preparations with eosinophils but not when alone, suggesting that C3A 384 stimulates neutrophils indirectly (75). We therefore questioned whether C3A enhances 385 neutrophil migration by sensitizing neutrophils to migrate toward IL-8, a major bioactive 386 neutrophil chemoattractant (76), both in zebrafish wounds(50, 77) and in human wounds and 387 skin graft sites (78, 79). Using microfluidic devices, we found that the total number of 388 neutrophils arriving at the source of an established gradient of IL-8 did not differ between C3A-389 pre-treated neutrophils and untreated controls, although there was considerable variation 390 between both technical and biological replicates (Fig. 5C) . We therefore focused specifically on 391 the neutrophils in each device that eventually reached the chemoattractant source and 392 measured the time at which each neutrophil arrived at the source. Analysis of either the first 393 20% or first 50% of neutrophils to arrive at the source revealed that neutrophils pre-treated with 394 C3A arrived faster than control neutrophils (Fig 5D) . These findings suggest that C3a may 395 prime neutrophils to respond more quickly to other exogenous cues.
Loss of c3a.1 impairs neutrophil recruitment in vivo by decreasing neutrophil migration 397
speed early after wounding. Our data thus far suggest a role for C3A in priming neutrophils to 398 migrate effectively toward other chemotactic signals. Thus, we next tested whether the 399 impaired neutrophil recruitment phenotype we observed in c3a.1 -/zebrafish larvae was due to 400 alterations in the dynamics of interstitial migration to the wound. We took advantage of the 401 amenability of larval zebrafish to live time-lapse imaging and single-cell tracking to determine 402 how the interstitial migration characteristics of neutrophils in c3a.1-deficient larvae differ from 403 those of wild-type controls. To do this, we crossed the c3a.1-deficient line to the 404 Tg(mpx:mcherry) line (56), in which neutrophils express the fluorescent protein mcherry. 405
Following tail transection, we imaged labeled neutrophils in the wound microenvironment for 1 406 hour and tracked the neutrophils using Imaris software (Bitplane) (Fig. 6A, still images, and  407 movie 2). We found that average neutrophil speed during the first 30 minutes after wounding is 408 significantly impaired in c3a.1 -/larvae, compared to c3a.1 +/+ controls. This change in neutrophil 409 migratory behavior is confined to the early post-wounding period, as when speed is averaged 410 over the first 60 minutes post-wound, it is not different between groups (Fig. 6B) . The mean 411 displacement and track straightness traveled by the neutrophils also did not differ between 412 groups ( Fig. S5A-B) . Decreased neutrophil speed in c3a.1 -/larvae is specific to neutrophil 413 directed migration, as neutrophil random migration in the absence of an inflammatory stimulus is 414 not impaired in c3a.1 -/larvae, and neutrophil random migration speed is in fact slightly faster in 415 c3a.1-deficient zebrafish than in c3a.1 +/+ controls (Fig. S5C) . Finally, quantification of each 416 neutrophil's instantaneous speed at 3 minute intervals over the first hour post-wounding shows 417 that neutrophils in c3a.1-intact larvae rapidly achieve and maintain a steady speed toward the 418 wound. In contrast, neutrophils in c3a.1 -/initially migrate significantly more slowly, before 419 accelerating to reach c3a.1 +/+ speeds by about 30 minutes post-wound ( Fig. 6C-D) . Altogether, 420 these data support the idea that C3A primes neutrophil responses to damaged tissues.
Discussion 422
Here we report, for the first time, the results of a cell-specific translation profiling screen 423 designed to identify genes differentially expressed in the inflammatory context of wounding in 424 the larval zebrafish model. We have previously shown that the signals that guide neutrophils to 425 sites of sterile injury differ from those that regulate migration to bacterial infection; specifically, 426 that, while PI3K signaling is required in both contexts, tissue-generated H2O2 signaling is 427 required for neutrophil responses to wounds, but is dispensable for neutrophil responses to 428 infection (80) . Our work here supports the increasing recognition that molecular drivers of 429 innate immune system inflammation are not universal. Context-dependent alterations in the 430 transcriptomes of leukocytes and epithelial cells have the potential to uncover more genes that 431 are differentially expressed only in response to a specific type of inflammatory stimulus. We 432 have also demonstrated the utility of large-scale translation profiling screens in zebrafish to 433 identify promising genes for further study. 434
We were surprised to find relatively little overlap in the transcriptomes of neutrophils, 435 macrophages, and epithelial cells in that few genes identified by our screen were differentially 436 expressed in more than one cell type. This suggests the presence of a complex network of 437 inter-and intracellular signals, in which cross-communication among cell types is essential for 438 optimal leukocyte recruitment and subsequent wound healing. 439
We identified c3a.1 as the only gene significantly upregulated in neutrophils in response to 440 wounding. This finding is interesting because, while the complement system has been 441 implicated in multiple inflammatory contexts, including wounding, infection, and hematopoiesis, 442 it is best understood in infection, where it functions to opsonize bacteria for phagocytosis or kill 443 them directly via assembly of the membrane attack complex (19, 63) . Similar to our finding that 444 c3a.1 -/zebrafish have impaired survival to bacterial infection, mice deficient in either C3 or the activation induced by deletion of the scavenger carboxypeptidase B2 displayed a survival 447 benefit in the context of polymicrobial sepsis (82), confirming a specific, protective role for C3A 448 in infectious inflammatory contexts. However, we find that, in larval zebrafish, C3A acts through 449 neutrophils, as C3A mutation had no further effect when neutrophils were defective. 450
The role of C3A in the context of sterile injury is less well understood. C3A signaling through 451 the C3A receptor (C3AR) is required for hepatocyte proliferation and liver regeneration following 452 toxic liver injury in mice (83), and C3A can be detected in the wound microenvironment of 453 incised skin wounds in guinea pigs (84). Rafail et al. showed in 2015 that C3 -/mice have faster 454 early wound healing and decreased neutrophil recruitment at wounds than their wild-type 455 counterparts (85). However, while this work showed evidence of a role for the complement 456 pathway in wound-associated inflammation and wound healing, the findings were attributed to a 457 lack of downstream C5a-C5aR1 signaling rather than specific loss of C3A activation (85). Our 458 findings suggest a specific role for C3A in recruiting neutrophils to wounds. We further show 459 that C3A exerts its effects by enhancing neutrophil responses to other chemoattractants, 460
including IL-8. 461 amino acid sequence is longer than that of human C3A (1643 amino acids in the zebrafish (38), 465 versus 77 amino acids in humans (86)) and contains a consensus sequence for a thioester 466 bond similar to the one cleaved in human C3 to produce C3A and C3B. This suggests that 467 additional, post-translational cleavage occurs in zebrafish to activate C3A.1; alternatively, 468 cleavage of C3A.1 may contribute at least some C3B and downstream complement component 469 activity in zebrafish. It is a limitation of our study that, similar to other authors (48) and most 470 likely due to the large size of the gene, we were not able to express C3A and rescue the neutrophil recruitment phenotype in our c3a.1 -/model. However, our findings are consistent 472 with the neutrophil recruitment phenotype reported by Forn-Cuni, et al., using c3a.1 depletion by 473 morpholino (48). Further, in our in vitro data generated using human primary neutrophils, we 474 demonstrate that the addition of exogenous C3A induces increased neutrophil chemotaxis to IL-475 8, a phenotype that is consistent with what we observed in vivo with c3a.1 depletion. Taken 476 together, these findings suggest that C3A plays a role in priming neutrophils for efficient 477 responses to tissue damage cues. 478
Finally, our data raise additional questions about a neutrophil-specific role for C3A. Our data 479 using rac2 D57N zebrafish mutants suggest that, during infection, impaired survival in c3a.1 -/-480 larvae is a neutrophil-dependent phenotype. Experiments using either global depletion of c3a.1 481 or addition of exogenous C3A show a role for C3A in sensitizing neutrophils to respond to other 482 chemoattractants, such as IL-8; however, c3a.1 is produced by many cell types (48), and in 483 mammals, C3 is found pre-formed in serum and C3A activated upon injury or infection (19, 73) . In summary, our data identify the complement pathway as a whole, and c3a.1 in particular, as 494 significantly upregulated in neutrophils in response to wounding. Our data further support a neutrophils for efficient migration to other chemoattractants, both in vivo in zebrafish and in vitro 497 in human primary neutrophils; however, the role of autocrine neutrophil C3A-C3AR signaling 498 warrants further investigation. On the basis of these observations, we conclude that C3A plays 499 an underappreciated role in mediating neutrophil migration. By exploiting the genetic resources 500
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